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[57] ABSTRACT

The present invention relates to a method for control-
ling an ac motor supplied by an inverter having several
switches. In order that the torque can be adjusted to be
as desired as rapidly as possible both with maximum
voltage and in the vicinity thereof, one proceeds in
accordance with the invention in such a way that a
value (Avy) representing the difference between the
reference value and actual value of the angle between
the stator flux and rotor flux of the motor is determined
on the basis of a value representing the requirement for
torque change of the motor, e.g. by means of the differ-
ence (AT) between the reference valve (T*) and actual
valve (T) of the torque, and a quantity representing the
magnetic state of the motor, the next switching moment
of the switches of the inverter, i.e. the so called limit
between flux sectors (Ad), 1s shifted with a first quantity
(k1A7vy) proportional to the determined differential value
to change the angle (v) between the stator flux and the
rotor flux, i.e. the torque of the motor, in a stepwise
manner to be as desired, and that switching moment of
the switches of the inverter which is next in turn is
shifted with second quantity (kpAvy) proportional to the
determined differential value and reverse to the first
quantity (kiAy) to change the rotating speed of the
stator flux.

7 Claims, 5 Drawing Sheets
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METHOD FOR CONTROLLING THE TORQUE OF
AN AC MOTOR

‘The present invention relates to a method for control-
ling an ac motor supplied by an inverter having several
switches.

A method of this kind and the basic theory of electri-
cal engineering relating thereto is known e.g. from
European published application No. 0 179 356.

In the following, the theoretical background for the

invention i1s explained for clarity by means of an exam-
ple. The case most frequently found in practice wherein
the inverter supplies a three-phase current motor has
been taken as an example, even though the correspond-
ing theory as well as the present invention can be ap-
plied to ac motor drives of all types. Such a basic circuit
of an inverter and a three-phase current motor is shown
in FIG. 1. When the ac current motor is supplied by an
inverter having several switches as shown in FIG. 1, the
motor 1§ controlled by connecting the phase windings
A, B, C by means of switch S,, Sp, S.to either the “+”
or “—" bar (voltages+31 Upcand —3% Upc). Thus the
switches have two alternative positions which are de-
fined herein as follows:

S=0=> Phase connected to the “—" bar

S=1=>Phase connected to the “+” bar.

In accordance with the general cycle phasor model,
the cycle phasor for the inverter voltage is

) ()
u(Sa, Sk, Sc} 5 (4a + aup + a‘uc)

2

3

|

Upc /"= D 3= = usn

wherein n=1, 2, ... 6.

The inverter discussed herein thus provides six possi-
ble position vectors for the output voltage in the com-
plex level. Furthermore, if all phases are in the same
potential, a zero vector (zero phasor) is provided as the
seventh phasor.

The voltage cycle phasor with different switch combi-
nations is as follows when sUpc=1.

5S4 Sp Sc us

1 0 o0 1 = 1{o° = U

S = 1]60° - U
1/2+j—-\‘2-3- e :

0o 1 0 N3 = 11200 = U
—1/2 + j=5~—

0o 1 1 ~1 = 1]180° = Uy

o o0 1 N3 = 1| = Us
~1/2 — j—5— |

1 0 1 N3 = 1]300° = Ug
1/2 — j ==

1 1 1 0 = 0

0 0 0 = 0

Table 1. Voltage phasors for inverter
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Graphically presented, the voltage phasors Uy, Ua, . .
. Ug form an inverter voltage star as shown in FIG. 2.

This voltage star includes all that can be achieved
with a three-phase two-level inverter. The design prob-
lem is to solve the external control of switches S4, Sp,
Scin the most appropriate way. It is difficult to produce
a flux having completely sinusoidal rotation—or at least
this requires a high switching frequency—when a three-
phase current inverter is used. However, it 1s possible to
produce an approximately circular flux circle by select-

ing in each case the suitable voltage phasor from the six

different alternatives. The suitable voltage phasor 1s the
one maintaining the absolute value of the flux as con-
stant as possible. This phasor simultaneously advances
the flux as rapidly as possible. An example of such selec-
tion of voltage phasors i1s FIG. 3 wherein the stator flux
is indicated with ys;and the voltage phasors with Uy, Uy,
. .. Us.

The suitable voltage phasor is dependent on the angle
of the flux in the stator coordinates, the absolute value
of the flux and the desired rotating direction.

F1G. 4 shows a flux circle divided into six sectors 6 so
that the boundaries of the sectors indicated with dotted
lines bisect the angles between the voltage phasors. In
each sector, two phasors are used, one for each rotating
direction; one of said phasors increases and the other
reduces the flux. E.g. in Sector 2 (6=2) the phasor u
(0,1,1) is used when one wishes to increase the flux and
the phasor u; (0,0,1) 1s used when one wishes to reduce
the flux.

The absolute value of the flux may be regulated in

~accordance with the principle of normal two-point con-
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trol. The flux is increased until it is at the upper hystere-
sis limit, whereafter the flux is reduced until it is at the
lower hysteresis limit. The suitable hysteresis limits are
determined on the basis of the allowable switching fre-
quency and losses. The absolute value bit for the flux is
indicated herein by &, which will have the value 1 when
one desires to increase the flux and O when one desires
to reduce the flux.

The voltage phasors used may be tabulated on the
basis of the flux phasor sector and the absolute value bit.

(a) positive rotating direction (counterclockwise)
—e 9
L 0 | 2 3 4 5
0 3 4 5 6 | 2
| 2 3

4 5 6 1

Table 2. Voltage phasors used with different values of
@ and £

(b) negative rotating direction
— 9 __
4 0 1 2 3 4 5
6 1 2 3 4
1 6 1 2 3 4 5

Table 3. Voltage phasors used with different values of
0 and &

The highest rate of rise of the torque is obtained by
advancing the flux as rapidly as possible. Correspond-
ingly, the fastest way to decrease the torque is to re-
verse the flux as rapidly as possible. Actually to reduce
the torque is to increase it in the reverse rotating direc-
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tion. However, in a steady state it is not reasonable to
use the counterphasor to control the torque, since its use
requires electrical power and increases the switching
frequency. On the other hand, in the steady state one
may utilize for torque reduction the zero phasor which
will maintain the torque within the desired range of
variation for a maximum of time.

One may also apply to the selection of the flux move
phasor (forward, backwards, zero phasor) two-point
control, but in the form of three-level hysteresis. The
allowable range of torque variation AT within which
the control will maintain the torque is selected. The
selection of AT is chiefly dependent on the desired
accuracy of regulation and the allowable switching
frequency. The (negative) differential value (T ,.r—T) of
the torque is compared with the allowable range of
variation. If the torque becomes higher than the refer-
ence value, the zero phasor is selected and is used until
(T —T,e) falls below AT. Thereafter the torque-increas-
ing phasor is selected. The reversing phasor is selected
when the differential value of the torque increases in the
other direction to be higher than AT.

The “torque bit” which may have the values 0, 1 and
—1 1s indicated with 7. When

7=0=>the zero phasor is used

7==1= >the flux is advanced in the positive rotating

direction
= — 1==>the flux is reversed in the negative rotat-
ing direction.

When torque control is combined with two-point flux
control, an optimum switching table can be produced.
Tables 2 and 3 show the phasors used in each rotating
direction. The optimum switching table is obtained
from these tables in such a way that when r=1, the flux
Is rotated in the positive direction and when 7= —1 the
flux 1s rotated in the negative direction. When 7==0 the
zero phasor is selected.

However, the control principle presented has its
drawbacks. In principle, the inverter yields a first har-

monic r.m.s. voltage of 0.78 Upc. This voltage is at- 40

tained when each voltage phasor in turn is used for 60°.
With the control principle presented, this is achieved if
the hysteresis of the flux is sufficiently high. This situa-
tion has been illustrated in FIG. 5.

However, in that case the torque control is not opera-
ble any longer in the torque-increasing direction, that is,
the reference value for the torque is not necessarily
realized, since the stator flux i already rotates at its
maximum speed. At the same time, this means that in
future the rotating speed of ys; can only be increased by
reducing the reference value for the flux, since thereby
one shortens the distance that i, will have to travel
during 60°. |

There are two reasons for changing the rotating
speed of the flux: |

1. change of the mechanical rotating speed

2. change of slip frequency

In change situations, to avoid transients an attempt
should be made to keep the origin as well in place as
possible. |

In a domain wherein one must strive at a high output
voltage (high velocities), a torque step upwards can be
taken by “‘taking a short cut” for the stator flux to be
more in advance of the rotor flux. For a step down-
wards, there are two alternatives. The stator flux may
be rotated at a greater distance from the origin, or the
zero phasor may be used. FIG. 6a illustrates a torque
step upwards, FIG. 6b a torque step downwards by the

3

4

deformation method, and FIG. 6¢ a torque step down-
wards by the stopping method.

All that has been presented in the foregoing is gener-
ally known e.g. from different articles and from Euro-
pean pubhished application No. 0 179 356. However, an
effective method for applying the ideas presented has
not been previously known.

Therefore, the object of the present invention is to
provide a method wherewith the torque is regulated to

10 be as desired, both with maximum voltage and in the
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vicinity of maximum voltage, with all frequencies. This
1s achieved with the method according to the invention,
being characterized by determining the value represent-
ing the difference between the reference value and ac-
tual value of the angle between the stator flux and the
rotor flux of the motor on the basis of a value represent-
ing the requirement for torque change of the motor, e.g.
by means of the difference between the reference value
and actual value of the torque, and a quantity represent-
ing the magnetic state of the motor; shifting the next
switching moment of the switches of the inverter, i.e.
the so called limit between flux sectors, with a first
quantity proportional to the determined differential
value to change the angle between the stator flux and
rotor flux, i.e. the torque of the motor, in a stepwise
manner to be as desired; and shifting that switching
moment of the switches of the inverter which is next in
turn with a second quantity proportional to the deter-
mined differential value and reverse to the first quantity
to change the rotating speed of the stator flux. In that
connection, when said differential value is determined
the quantity representing the magnetic state of the
motor can be the actual value of the stator flux or a
quantity corresponding thereto or a quantity propor-
ttonal thereto, such as the reference value of the stator
flux, the actual or reference value of the air gap flux, the
actual or reference value of the exciting current or
other corresponding quantity dependent on the actual
value of the stator flux.

‘The method of the invention is characterized in that
the flux is automatically set at each moment at the high-
est attainable value. It is also typical of the control that
the torque control will endeavor to correct the torque
to have the correct value during the next 60° sector.

The following is a more detailed description of the
method of the invention with reference to the accompa-
nying drawings wherein

FIG. 1 shows a principal diagram of the inverter-
motor combination, o

F1G. 2 presents the voltage star for the inverter,

FIG. 3 shows an example of the selection of voltage
phasors,

FI1G. 4 shows the flux sectors,

FIG. § shows the formation of a hexagonal stator flux
circle,

FIGS. 6g, 60 and 6¢ show the change in the form of
the stator flux circle when a torque step is taken up-
wards, a torque step is taken downwards by the defor-
mation method and a torque step is taken downwards
by the standstill method respectively,

FIG. 7 shows the behavior of the stator flux with the
change of the sector limit,

F1G. 8 shows the behaviour of the stator flux with a
considerable change of the sector limit,

FIG. 9 shows the stator flux in the steady state on the

border of the constant flux and the field weakening
domain,
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F1G. 10 shows flux phase displacement by the defor-

mation method,

FIG. 11 shows the combination of torque change and
frequency change,

FIG. 12 shows the torque control in the field weaken- >
ing domain of the block diagram, and |

FIG. 13 shows the torque control n the border of the
constant flux and the field weakening domain in the
block diagram.

The method of the invention is based on the utiliza-
tion of the angle v between the stator and rotor flux.

The differential equation for the rotor in the rotor
coordinates is |

10

15

dy,” (2)
drr + R/ =0 |

wherein {5/ is the rotor flux, R, is the rotor resistance
and 20

s

is the rotor current.

It 1s apparent from equation (2) that the rotor flux is
a mathematically continuing function as long as the
rotor current

25

1" 30

1s not infinite. Since the rotor resistance R, is low with
high-power cage induction motors, (0.01-0.02 pu with
motors of over 10 kW), the rotor flux is not only a
mathematically continuing function but it behaves mod- 35
erately in the rotor coordinates. In short-interval obser-
vation, the rotor can be regarded as a non-resistance
short-circuited winding wherein the flux cannot
change.

In order to obtain a mathematical basis for the discus- 40
sion., the stator flux s is divided into a component

Wea
having the direction of the rotor flux ¥, and a compo- +3
nent
Vg
: . _ 50
perpendicular thereto. The corresponding equations are
d L (3)
oTr dtr + Yr = "'ff'" Yiq 55
L | (4)
oTPY, = 'L_T' ‘p;q
. )
Tm = PN IO'L: ‘prlp;q 60
= Py 10.1: Ur Xs SINY

wherein o =dispersion coefficient, 7,=time constant of 65
rotor, L,,=excitation inductance, L =total inductance
of stator, p=rotating speed of rotor flux in the rotor
coordinates, T, =air gap torque, Py=number of pairs

6

of poles and y=angle between stator flux and rotor
flux.

It can be seen from these equations that it is possible
to control the torque using the angle between the stator
flux and the rotor flux similarly as in a synchronous

- machine. The rotor flux is approximately constant in the

rotor coordinates within a short interval, and thus it is
possible to produce a rapid torque change by means of
a rapid change of the angle y between the stator flux
and rotor flux. This angle change 1s produced by phase
shifting the stator flux for the correct amount Avy.

Within a long interval, the situation is different from
that in a synchronous machine, since the slip frequency
is dependent on the instantaneous values of the fluxes
according to equation (4). Therefore, in torque step
changes the phase shift Ay must always be followed by
an amplitude change of the® flux as well, wherewith the
variations in slip frequency are compensated.

The invented method functions as follows: The re-
quired change in the angle between the stator flux and
rotor flux is first calculated on the basis of the actual
value and reference value information for the torque
and the actual value information for the flux. The angle
change is indicated with A+y. This angle change is pro-
duced by shifting the limit of the flux sector for the
angle Ad.Ad can be calculated on the basis of Ay and
past information. |

As was stated earlier, the two-point control of the
flux will give as the output

£ =0 when the flux has to be reduced

£=1 when the flux has to be increased.

The flux bit £=1 which is utilized to bring about the
phase shift is set on the boundary of the sectors. If, for
instance, the limit between sectors 1 and 2 as shown in
FIGS. 4 and 7 is changed for the extent of the angle A,
the result will be the following:

in sector @=2 the phasor us(0,1,1) is used when a flux
increase is desired, i.e. £=1. Correspondingly, the pha-
sor us(0,0,1) is used when a flux reduction is desired, i.e.
£=0, '

on the boundary of the sectors, £ is set to be 1, as a

result of which the phasor u4 (0,1,1) is used as long as

the flux bit turns into zero (i.e. the flux reaches the
hysteresis limit) or a new sector is traversed.

The change of the sector limit will result in a correc-
tion according to FIG. 7. It has been indicated with a
dotted line in what way the flux would behave if the
sector were In a standstill.

Thus the control system performs “incorrectly’ in
the domain A¢ which the sector #=2 has invaded from
the sector 8=1. Even though the flux bit £=1, a flux-

‘reducing phasor is used. Only when the flux goes be-

yond the Iimit of the theoretical sector, the control will
behave in accordance with normal two-point control.

F1G. 7 shows a *“slight correction” when Ad < w/6.
The principle is also operable with “large corrections™
when Ad > /6, as has been shown in FIG. 8. If in the
case of FIG. 8 the boundary between sector 2 and sec-
tor 3 would have been inverted for about #/6=30° C.,
the result would have been a hexagon.

The theoretical upper limit for Ad is w/3. With val-
ues greater than this, the sectors overlap and the result
1S no longer unequivocal. On the other hand, if
A¢=1/3, this means—when one starts from the steady
state—a change of 0.47 rad=27° in the angle between

- the stator flux and rotor flux, which is a considerable

change.
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The lower limit for Ad is naturally 0. If A¢ were
negative, this would mean that no flux-reducing phasor
would be available, but both phasors used would in-
crease the flux. Such a situation is not reasonable with
high velocities.

Thus, Ad may have values in the range 0. .. 7/3=1.

If a correction of the same magnitude is made in each

sector, the flux circle will have a configuration as
shown in FIG. 9. When Ad increases above 30 degrees,
the result is a hexagon. The amplitude of the flux may
then be adjusted to be as desired by further reversing
the boundaries. Correspondingly, when Ad approaches
the value 0, the torque can no longer be reduced by
reversing the boundaries, but then two-point controls
can be applied. Thus the torque control with full volt-
age and the transition from the domain of the constant
flux to the domain of field weakening and vice versa
may be flexibly realized with changes in the boundaries
of the sectors.

The following quantities are needed to carry out the

control:

instantaneous value yis of stator flux

approximate values of motor parameters
Ls==excitation inductance+stray inductance=to-

tal inductance of stator
o-=dispersion coefficient

actual value of torque as instantaneous value informa-
tion (e.g. T=;xiy) '

information on reference value T* of torque.

The actual value of the angle v between the stator
flux and rotor flux can be calculated from the in-
stantaneous values of the stator flux and torque and
from th motor parameters as follows:

= arc sin —-——----ULS —2 (ﬁj
Y= 1l — o Ys¥ssvop

wherein Y syop=filtered instantaneous value of stator
flux.

Correspondingly, the reference value of ¥ is

-Y* — -l—- arc Sin G‘Lj ——&.—_ (7)
2 l— o s Yssuop

From these values one can calculate the differential
value of the angle

Ay=y*—y (8)

An approximation for this is also obtained e.g. from
the following equation:

Ay — ol AT (9)
L — o Ys¥ssvop

In equations (6), (7) and (9), Y svop is the filtered
instantaneous value of the stator flux which simulates
the rotor flux. The rotor flux is relatively stable. If the

rotor flux were approximated directly on the basis of

the instantaneous value of the stator flux, the ripple
component of the absolute value of the stator flux
would show as too pronounced particularly when the
stator flux is a hexagon. A suitable filtering time con-
stant 7z 1s for instance

S
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l (10

wherein f; is the supply frequency.

In practice, the difference Ay between the reference
value and actual value of the angle y between the stator
flux and rotor flux can be approximated with sufficient
precision in view of the resent invention in very many
ways. Firstly, the term

ﬂ'Lg
] - o

i 1n principle a motor-related constant which, can obvi-
ously be approximated with sufficient precision at least
according to the motor type or even more universally.
Yet it is evident that even relatively inaccurate estima-
tion of said term has no adverse effect on the practical
realization of the method of the invention. As for the
terms s and Y5, spop, Ys represents the instantaneous
magnetic state of the motor and can be determined
either directly or by means of a quantity representing
the magnetic state of a number of other motors as well,
such as the air gap flux and the exciting current or eve
the time of full cycle. In practical implementations, also
the reference values of the stator flux, air gap flux or
exciting current form a suitable basis for the approxima-
tion of the actual value of the stator flux. Thus the most
essential term, requiring the most exact information, in
equation 9 is AT, that is, the desired change of torque.

The next consideration is what kind of change defor-
mation of the hexagon will produce in the angle ¥ be-
tween the fluxes. The situation is as shown in FIG. 10.
In the normal state, the stator flux travels the path
ACDB. The rotor flux advances along the periphery of
a circle. If instead of the path ACDB the path AB is
travelled without entering points C and D, the stator
flux will travel the path Ay, shorter than normal. This
will produce a phase shift of the fluxes

Ay =Ad’ (i1)

if the rotor flux and frequency remain constant. In vir-
tual motors, however, this is not the case, but the torque
step and deformation of the hexagon produce a change
in the rotor flux and slip frequency. In practice this
mearns that at the beginning of the torque step Ad’ shall
be greater than Ay. This can be taken into account by
means of a motor-related coefficient ki, that is,

Ad'=k Ay (12)

Correspondingly, since the slip frequency (and possi-
bly the mechanical rotating speed) will also change as a
result of the torque step, in the next sector the angle
change in the negative direction, kA~ shall be less than
k1Ay. Such a combined torque and frequency change
has been illustrated in FIG. 11.

This yields as the control algorithm

Ad=kAy—Kk)Ay(_pn+w/6 (13)

when Ad is calculated from the normal flux sector limit

and Ay(—1) represents the temporally preceding value
of Avy.
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Coefficient k| thus compensates for the change in the
rotor frequency in torque change within a short interval
so that the torque is changed to be as desired.

The difference (kj—k3) is used to determine how
great a change in the flux rotating speed is to be made in 5
connection with the torque change. In FIG. 11 this
change is visible as the reduction of the radius of the
flux circle.

10
of the limit has been A¢d(—1)in the previous sector and
is A¢ in the present sector, a change in the angle be-
tween the fluxes is produced when this steady state is
departed from:

Ay=AAd)—AAd(—1) (16)

- wherein f can be approximated e.g. as follows:

an

ﬂi)=2|:lntan(%-+-’§—)— sinx]whenxé% -

T
fAx) =41In X3 —21ntan[T+-_T"“"

In accordance with this principle, no rotating speed
value 1s needed for the torque control when one oper-
ates with the maximum output voltage of the inverter,
in which case the motor is in the field weakening do-
main according to optimum rating. The basic notion is
that each rotating speed-torque combination has in the
steady state a precisely defined flux circle radius and
frequency when one operates with a constant voltage. If ,
the supply frequency deviates from this value, this is
sooner or later reflected in the actual value of the
torque. If the torque control also changes the rotating
speed of the flux in a certain proportion to the torque
change, the rotating speeds can be taken into account in
the torque control only.

In practice, one will thus anticipate whether the
change in the differential value of the torque is due to a
change in the torque reference value or a change in the
rotating speed, and each of these is then changed in a ;5
certain proportion to one another. After 60 degrees a
check 1s made as to how the control succeeded, and the
necessary corrections are effected—again in the torque
as well as frequency. After some time, each of these will
be as desired. |

Writing out equation (13) retrospectively, we have

K3 pu ko
(s -7 ()

20

30

2 | (14)

1

Ap = 2= + KAy —
45

: | |
k2
(M’(—z) — %‘)— (“7;;'"') (M(—z) - %")" XX

1.e,

50

15
% (13)

Atb:k.ﬁ‘y--—?l-- s

A100 syop + ¢

k2

Adsuop = Ad(—1) + —— AP22220491836701707 syon(—1) — ”6"—55

- An example of a control block diagram formulated on
the basis of these equations is presented in FIG. 12
wherein Z—! represents storing the input value and
supplying the previous value to the output. Thus the
block diagram according to FIG. 12 is applicable when
the maximum inverter output voltage is used.

On the border of the constant flux and field weaken-
~ ing domain wherein the flux circle is not yet a hexagon
the control algorithm is more complex, since the phase-
shifting effect of the rotating angle of the flux sector
limit on the stator flux is non-linear. If the rotating angle

63

-%:-—x . T
—251nxwhenx>7

The necessary A¢ from equation (16) can be solved

Ap=f~ Ay +AAd(—1)] (18)
wherein f—1is the inverse function of f.

By means of this algorithm, the first A¢ in the torque
step starting from the steady state can be correctly
calculated. The change of the next sector i1s not obtained
correctly, since the starting situation is no longer the
steady state. In other words, if the torque has changed
to be as desired 1n the course of 60°, Ay 1s 0, and accord-

1ng to equation (18) the Ad of the next sector is equal to

that of the preceding one. This will result in a new
change of the angle between the fluxes, said change
being of the same magnitude, and the torque will in-
crease too high or be reduced too low depending on the
direction of the torque change desired.

This problem can be eliminated by substituting for

Ag

Ay=k1Ay*—-kAy*(_)) (19)

wherein
Avy*=desired change of angle between fluxes k; and

ka=control parameters corresponding to those of the
field weakening domain.

Substituting equation (19) for Ay in equation (18), we
have

Ad=f"[kiAy*—koAy* — 1y +AAD(—1)] (20)
In the algorithm according to equation (20), the rotat-
ing angle Ad of the sector limit is influenced by two
factors: by means of the term kjAy* the necessary need
for change is taken into account, and from the past
information
HAd(~1))—kaAy*(—1) (21)
the rotating angle of the limit in the steady state is
found. If no change has been made in the preceding
sector,Ay*_1) is O and Avy(_)) directly represents the
value in the steady state. If, on the other hand, a change
of a certain magnmtude has been made in the preceding
sector, 1t must be subtracted from the value Ad(— ) to
find the steady state.

Equation (20) can be written out retrospectively,
which gives

- or el ks -
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(22)

k2
NAD(—1) + = fAdd(-2) +

2 3

K2 )
) SRS+ ) A -+

An example of a block diagram of torque control to
be applied on the boundary of the constant flux and the
field weakening domain, formulated on the basis of
equation (22), is presented in FIG. 13.
In the foregoing, the method of the invention has
been 1llustrated by means of an example relating to a
three-phase current system, but as was already stated at
the beginning, the invention can also be implemented to
cases whereln the number of phases is other than three.
What is claimed is:
1. A method for controlling an ac motor supplied by
an inverter having several switches, comprising the
steps of:
determining a value (A+y) representing the difference
between a reference value and actual value of the
angle between the stator flux and rotor flux of the
motor on the basis of a value representing the re-
quirement for torque change of the motor, e.g. by
means of the difference (AT) between a reference
value (T*) and an actual value (T) of the torque,
and a quantity representing the magnetic state of
the motor, such as the actual value of the stator flux
(xs) or a quantity corresponding thereto or propor-
tional thereto, such as the reference value of the
stator flux, the actual difference value of the air gap
flux, the actual or reference value of the exciting
current or other corresponding quantity dependent
on the actual value of the stator flux (ys);

determining a first quantity (k;Avy) directly propor-
tional to the determined differential value;

shifting a stitching moment of the switches of the
inverter in a first sense with said first quantity to
change the angle (y) between the stator flux an
rotor flux in a stepwise manner;

determining a second quantity (k>Ay) directly pro-

portional to the determined differential value; an
shifting that stitching moment of the switches of the
inverter which is next in turn with said second
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quantity (kzAv) in a second sense opposite with
respect to the first sense to change the rotating
speed of the stator flux.

2. A method as claimed in claim 1, wherein the step of
determining the difference (Avy) of the reference value
and actual value of the angle between the stator flux and
rotor flux is carried out by means of the change require-
ment (AT) of the motor torque, the actual value of the
stator flux (ys), the filtered instantaneous value for the
stator flux, the total inductance (Ls) of the stator and
the dispersion coefficient (o), from the equation:

Ay = _OLs __AT
l — o UsYsvop

3. A method as claimed in claim 1, wherein when
operating with the maximum inverter output voltage,
the step of determining the first quantity comprises
multiplying the differential value (A¥y) by a first motor-
related constant (k).

4. A method as claimed in claim 1, wherein when
operating with the maximum inverter output voltage,
the step of determining the second quantity comprises
multiplying the differential value (Ay) by a second
motor related constant (k).

S. A method-as claimed in claim 3, wherein when
operating with the maximum inverter output voltage,
the step of determining the second quantity comprises
to the determined differential value is determined by

multiplying the differential value (Ay) by a second mo-
tor-related constant (k»).

6. A method as claimed in claim 1, wherein the step of
determining a value (Avy) representing the difference
between a reference value an actual value of the angle
between the stator flux and rotor flux of the motor uses
the difference (AT) between a reference value (T*) and
an actual value (T) of the torque, an a quantity repre-
senting the magnetic state of the motor.

7. A method as claimed in claim 6, wherein the step of
determining a value (A7y) representing the difference
between a reference value and actual value of the angle
between the stator flux and rotor flux of the motor uses
th actual value of the stator flux (ys) or a quantity corre-
sponding thereto or proportional thereto, such as the
reference value of the stator flux, the actual or reference
value of the air gap flux, the actual or reference value of
the exciting current or other corresponding quantity

dependent on the actual value of the stator flux (ys).
% * *¥ % .
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